Correcting Positron Emission Tomography Data for

Cerebral Atrophy
To the Editor: We agree with Herscovitch et al. (1986) that the problem of correcting positron emis sion tomography (PET) data for cerebral atrophy is an important one. To our knowledge, their ap proach represents the best treatment of the subject in the literature to date. However, by neglecting axial resolution effects (treating the axial dimension as equivalent to the transverse plane), they intro duce a source of error of unknown size into their results. Moreover, their technique is not appro priate for metabolic images derived from nonlinear models (i.e., CMR02), and their correction may not be valid for individual regions of interest.
The transverse plane differs from the axial di mension in that the two-dimensional transverse ap erture is multiply sampled across its full width at half-maximum (FWHM). Multiple sampling, which is typically achieved with a continuous wobbling of the detector ring (Ter-Pogossian et aI., 1982) , en sures that there are minimal aliasing artifacts (Huang et aI., 1980) . This is equivalent to ensuring that the maximum possible recovery coefficient (Kessler et aI., 1985) is obtained for a given aper ture scanning any particular two-dimensional distri bution. Such adequate sampling generates a contig uous two-dimensional data set in the sense implied in Herscovitch et al. (1986) . For such a data set, resolution issues may be ignored in correcting whole image activity averages for the proportion of the underlying distribution values that are zero. This also occurs for metabolic images from linear models because, to a good approximation, the sum of all the image pixels is independent of the partic ular image aperture used, provided that the image is adequately sampled and that edge effects around the border of the image are small.
Neither the axial dimension nor metabolic images resulting from nonlinear models may be considered contiguous in the above sense, for both are depen dent on resolution and sampling effects. In the axial dimension the sampling rate for the PETT VI (Ter Pogossian et aI., 1982) used by Herscovitch et aI. (1986) is less than one sample per axial FWHM compared with the three to four samples required to avoid sampling errors (Huang et al., 1980) . Be cause of this axial undersampling of CSF spaces that are not likely to have the required extended axial uniformity (Kessler et aI., 1985) , averaging across slices without considering resolution effects may introduce significant errors. These are further compounded in Herscovitch et aI. (1986) by using a different, but still undersampled, axial aperture size for the computed tomography (CT) slices with which the percentage correction for CSF space is derived.
A strategy that addresses such axial error effects either requires multiple axial. sampling or the careful alignment of individual CT and PET slices with mean value corrections performed only for linear metabolic models on a slice-by-slice basis. PET images should not be treated as measurements of physiological parameters per unit volume free LETTERS TO THE EDITOR from resolution and sampling effects, even for whole-brain averages, unless present scanning strategies are modified.
It should be noted that Herscovitch et al. (1986) describe a strategy to correct global PET measure ments for the effects of cerebral atrophy and em phasized that globally derived values for the per centage of intracranial volume occupied by ven tricles and sulci [(V + S)%] cannot and should not be used to correct regional measurements of brain radioactivity concentration or derived measure ments of CBF and CBY. Although we recognize the importance of correcting PET data for cerebral at rophy, we are concerned that the inappropriate use of globally derived correction factors may increase, rather than reduce, the error in PET measurements of CBF and metabolism.
Stephen C. Strother David A. Rottenberg To the Editor: Herscovitch et al. (1986) de scribed the need to correct positron emission to mography (PET) measurements of CBF for the in clusion of metabolically inactive CSF spaces in the volume under inspection. A series of transverse computed tomography (CT) images through the volume of the brain to be measured were used to calculate the total CSF present. The volume of ventricles and sulci were determined by calculating the number of pixels of CSF density as determined by a threshold algorithm. We would like to describe a novel technique using magnetic resonance imaging (MRI) that has several advantages over the CT correction approach and is capable of signifi cantly improved accuracy in the quantification of intracranial CSF volumes. Herscovitch et al. (1986) describe some of the sources of error in the CT approach but do not at-tempt to quantify their effects. Previous investiga tion of the partial volume effects, beam hardening due to variations in skull thickness, and the criti cality of threshold selection in determining ventric ular volume using CT (Wyper et ai. , 1979) has sug gested errors of �20 to 30%. Further errors due to partial volume effects may be expected if attempts are made to measure the volume of CSF contained in the sulci, fissures, and cisterns using the stated 8 mm CT slice thicknesses. Mention is made in Her scovitch et al. (1986) of a "compatible" MRI ap proach, although no references are provided, but this also presumably utilizes a series of transverse slices coupled with an appropriate threshold selec tion algorithm.
A radically different MRI aproach is to use a novel pulse sequence designed to effectively de stroy signal from all intracranial tissue with the ex ception of CSF. The sequence exploits the signifi cant differences between the relaxation times of CSF (T1 of 3,302 ms and T2 of 2,269 ms at 6.4 MHz) and white matter (T1 of 242 and T2 of 86 ms) and gray matter (T1 of 513 and T2 of 118 ms). The delay time (T1) of an inversion recovery (IR) sequence is adjusted to be intermediate between the null-points of white and gray matter. The effect of this is that white matter produces a residual positive signal and gray matter a residual negative signal. The spin echo (SE) data collect part of the sequence is greatly extended to produce an overall echo time (TE) of 400 ms. Such long echo times can only be achieved, on resistive systems at least, by inserting a series of 1800 refocus sing pulses between the 90° pulse and data sampling interval. In other words this becomes a Carr-Purcell data collect. The com bination of the null-point approach (T1 of 400 ms) and extended echo time produces a theoretical signal ratio of CSF:white matter:gray matter of ap proximately -120: + 1: -1. In practice signal can cellation of any white and gray matter existing in the same image volume element will further in crease the contrast between CSF and the rest of the brain. Such high levels of contrast mean that partial volume effects are no longer a problem even in much thicker slices. The repetition time (T R) is 5,000 ms and the total acquisition time per slice is 5. 3 min. Figure 1 shows the type of image obtained using this sequence. The slice width has been adjusted to be equal to the quoted 58 mm overall thickness of the volume imaged using PET in the paper by Her scovitch et al. (1986) . The image is that of a 64year-old female with a long history of alcohol abuse and associated cerebral and cerebellar atrophy. The image slice has been centered on top of the tem-
